Introduction Quality improvement collaboratives are a popular model used to address gaps between evidence-based practice and patient care. Little is known about use of such collaboratives in emergency medical services, particularly for improving prehospital stroke care. To determine the feasibility of using this approach to improve prehospital stroke care, we conducted a pilot study of the Emergency Medical Services Stroke Quality Improvement Collaborative.
Introduction
Stroke is among the leading causes of severe long-term disability and death in the United States, ranking fourth as a cause for mortality behind heart disease, cancer, and chronic lower respiratory disease (1) . An estimated 795,000 people suffer from a new or recurrent stroke each year; stroke mortality was approximately 134,000 in 2008 (1) . In Massachusetts, stroke continues to be the third leading cause of death and disability, contributing to over 17,000 hospitalizations and 2,500 deaths annually (2) .
Emergency medical services (EMS) are the first point of contact for approximately half of all patients with acute stroke symptoms in Massachusetts (3) . Patients transported by EMS have faster prehospital transport, in-hospital evaluation, and treatment times (4) (5) (6) . Patients arriving with suspected stroke also comprise most cases presenting in the 3-hour window for intravenous tissue plasminogen activator (IV t-PA), the only Food and Drug Administrationapproved treatment of acute ischemic stroke (3, 7) .
Guidelines that focus on the importance of stroke recognition, rapid triage and transport, and hospital prenotification exist for EMS assessment and management of patients with suspected stroke (8, 9) ; however, there are no nationally recognized prehospital stroke performance measures for gauging guideline adherence. Research suggests that prehospital stroke care is inconsistent (10, 11) , and gaps in stroke care significantly affect timely treatment on arrival at a hospital (12) . However, EMS agencies often have few resources available to identify and address gaps in performance.
Quality improvement collaboratives (QICs) are a popular method in use in health care to address the gaps between evidence-based practice and clinical patient care. QICs bring together providers from different organizations to work in a structured way to improve the quality of their patient care. Through a series of meetings, participants learn about evidence-based best practices and quality improvement (QI) methods while sharing their own experiences and making changes in their organizations. The Massachusetts EMS Stroke QIC was based on the Institute for Healthcare Improvement's (IHI) Breakthrough Series approach, which is designed to help organizations make "breakthrough" improvements by creating a forum in which participants can simultaneously learn improvement strategies from each other and from experts (13). Hospitals, clinics, primary care practices, and nursing homes frequently use this process. Evidence of the impact of QICs in these settings is positive but limited (14) . Little is known about the use of this approach in EMS.
In 2008, the Massachusetts Department of Public Health's (MDPH's) Heart Disease and Stroke Prevention and Control Program began a stroke QIC pilot, modeled after their Paul Coverdell National Acute Stroke Registry QIC, the Stroke Collaborative Reaching for Excellence (SCORE) (15) . Its purpose was to understand how the collaborative model could be used to address gaps in prehospital stroke care. The goal of this pilot was 2-fold: to determine the feasibility of an EMS collaborative and to assist EMS providers with implementing changes that would lead to consistent delivery of high-quality stroke care. This article describes the formation and characteristics of the QIC, the development and use of stroke performance measures, and best practices and challenges in using the collaborative method for EMS clinical QI.
Methods
The EMS Stroke QIC began by developing a set of prehospital stroke performance measures. Participants were recruited and in-person meetings were conducted to educate participants in QI and performance measurement and to share successes and challenges among members. Lastly, performance measure results were collected and analyzed to determine the success of the pilot. The QIC leadership team included representatives from MDPH, statewide leaders in stroke care, and a health services researcher with QI and clinical experience. MDPH determined that institutional review board approval was not required for this project.
Performance measures
A set of process-based stroke performance measures was outlined to measure the quality of prehospital care, guide the activities of the QIC, and monitor change in performance over time. Performance measures and intervention strategies were developed based on guidelines supported by the American Heart Association/American Stroke Association (9, 16) and the National Association of EMS Physicians (17) . These evidence-based and best-practice interventions focused on correctly assessing a patient's condition, providing appropriate prehospital care, and promoting timely IV t-PA therapy for ischemic stroke for patients upon arrival at the emergency department (ED) (18, 19) .
A 15-member expert panel, comprising EMS and in-hospital stroke care stakeholders (neurologists, EMS leaders, state regulators, and ED physicians) reviewed relevant literature and guidelines around acute stroke care and developed a list of 10 candidate measures. Each member rated the measures based on 6 dimensions of quality: importance, contribution to better patient outcomes, opportunity for improvement, clarity and completeness, actionability, and overall usefulness. Five measures were selected for use in the pilot project: 1) stroke screening performed, 2) blood glucose tested, 3) time last-known-well documented, 4) time of symptom discovery documented, and 5) stroke prenotification to hospital (Table 1) . Stroke screening and blood glucose testing were selected to ensure appropriate identification of stroke patients and to rule out stroke mimics. The Cincinnati Stroke Scale was used for the measure because it is required by the Massachusetts EMS Stroke Point of Entry Plan (10, 20, 21) . Assessment and documentation of time last-known-well and time of symptom discovery were chosen to help determine patient eligibility for IV t-PA, and stroke prenotification was chosen to promote rapid evaluation and treatment on arrival at the ED. Patient inclusion criteria included cases with primary or secondary clinical impression of stroke, suspected stroke, or transient ischemic attack (TIA). The expert panel determined TIA to be an inclusion criterion and treated them as stroke because it is not always clear whether symptoms will resolve. All selected measures fell within the scope of care provided by Massachusetts Advanced Life Support and Basic Life Support Emergency Medical Technicians (EMTs) and the Massachusetts EMS Stroke Point of Entry plan (21) .
Recruitment
EMS agencies were recruited to participate in the QIC from July through December 2009; data collection began upon recruitment. A purposeful sample was selected to include a variety of organization types, sizes, and geographic locations across the state. Agencies were required to have a well-established electronic patient care record (ePCR) system capable of collecting performance measure data elements as well as an active QI program with dedicated staff resources. Each agency designated a QI team to attend collaborative meetings and participate in improvement activities. Participation was voluntary and agencies were not compensated for their participation in the QIC. At the time of enrollment, agencies completed a baseline survey that inventoried agency characteristics, existing QI infrastructure, and policies around stroke care.
Data collection
An automated QI information system (Clinical Care Systems Incorporated, Boston, Massachusetts) served as the data repository and automatically managed performance measure calculations. Agencies adapted their existing ePCR systems to electronically transmit all patient records to the central Web-based QI data repository. The repository identified patients with a primary or secondary clinical impression of stroke, suspected stroke, or TIA and automatically compared documented patient care against performance-measure criteria. Patient records identified as not meeting 1 or more performance measure criteria were flagged for manual review by the agency to determine if the record's narrative description contained the missing data or to verify that the case did not meet performance criteria.
Monthly feedback reports based on measure adherence were available to agencies through the automated QI system. Participants had access to their own aggregate and patient level results through a password-protected, secure website. The website displayed the results of each of the 5 measures over time by using easy-to-interpret line and bar charts. These feedback reports offered the opportunity for QI staff within the EMS agency to follow up with EMTs about the care provided.
Collaborative improvement activities
Structured activities were conducted to promote collaborative learning, support, and exchange of ideas and insights across EMS agencies. These included inperson learning sessions, individual calls, site visits, and training modules. At the time of recruitment, a site visit to the EMS agency explained the aims of the program and the expectations of the agency. After the agency started submitting data, a second site visit focused on data quality and validation. If requested, on-site continuing education events were hosted for agency staff and neighboring EMS agencies.
Learning sessions were held quarterly during which clinical content and QI experts provided both didactic sessions and hands-on exercises. Educational topics included evidence-based improvement strategies, methods for organizational change, and application of strategies in local settings. In addition, participants provided updates on their improvement activities to the larger group, shared their best practices, and received input from the collaborative on their challenges. Continuing education credits were offered as incentives for attendance.
Between learning sessions, each service received individual site calls. These coaching opportunities offered QI strategies specifically tailored to each EMS agency and its improvement focus at that time. The Plan-Do-Study-Act (PDSA) improvement model was introduced and small tests of change were used extensively (22) .
Performance measure analysis
Agency data were aggregated and analyzed quarterly from baseline (July through December 2009) to June 2012. In this time frame, 3,009 patients with stroke, suspected stroke, or TIA were transported by participating agencies. Agencies joined at different times and with different levels of submission during an initial 6-month period. For this reason, we chose to consider the first 6 months as baseline in order to give a clear indication of where all agencies were at the start. Joinpoint regression analyses (Joinpoint Regression Program, Version 3.43; Statistical Methodology and Applications Branch, Surveillance Research Program, National Cancer Institute, Washington, DC) were used to test for significant trends and to determine the average percentage change over time. The overall trends for measure adherence by quarter were computed, and significance was set at P < .05.
Participants' perception of the collaborative
To understand participants' experiences and perceptions of the QIC, 2 focus groups were conducted by an external evaluation firm in May 2011. Focus groups were held either preceding or following a quarterly learning session both for ease of recruitment and to limit burden on participants. The interview guide consisted of 11 questions covering 5 main topics: 1) reasons for participation in the QIC, 2) successes and challenges, 3) experiences and level of satisfaction, 4) use of data and information, and 5) effect on relationships within their community (Appendix). Two leaders facilitated the focus groups; 1 conducted the groups and the other took detailed notes of participant responses. The evaluators used a systematic and rigorous process to achieve the qualitative analysis of data from the 2 groups. Notes taken were reviewed and revised by both leaders as needed, then transferred into the qualitative data analysis tool Atlas.ti (Version 4.2, Scientific Software Development, Berlin, Germany). Question coding was constructed to identity themes for each objective, and quotes were selected that illustrated those themes. The evaluation team used a consensus approach to identify the most important themes and quotes.
Seventeen (Table 2) . QI teams ranged from 1 to 4 members and included EMS QI coordinators, managers, medical directors, and hospital-based EMS and stroke coordinators. Thirteen of the agencies were considered active participants (ie, attended at least 50% of learning sessions, tracked measure performance, and regularly engaged in QI activities).
Performance measures were collected and analyzed for 3,009 patients (agency range, 2-1,560) with a clinical impression of stroke, suspected stroke, or TIA. Four of the 5 stroke quality performance measures (blood glucose tested, time last-known-well, documented, time of symptom discovery documented, and stroke prenotification to hospital) showed significant trends of improvement over time (Figure) ; all 5 performance measures showed an increase in adherence over time (Table 3 ). Eleven EMTs representing 11 different agencies and 1 hospital EMS coordinator attended the focus groups. After examination of the data, results were consolidated into 2 emerging themes: incentives for participation in the collaborative and barriers to participation in the collaborative.
The overarching theme of the focus groups was that the QIC provided participants with an efficient and effective framework for stroke QI and the opportunity to share and learn from each other. Benefits of continued participation in the QIC included the introduction of new stroke care practices, opportunities for statewide networking, and improved working relationships with hospital staff and medical directors. Barriers to participation were centered on the availability of resources, specifically staff time.
Participants described benefits of and barriers to QIC participation:
Benefits of participation • Provided a framework for stroke data collection and analysis using performance measures.
• Provided data to illustrate improvements in patient care. "Hospitals collect data on everything but no one was asking for prehospital data. The data we are showing makes a difference in the patient ahead of time."
• Offered opportunity for learning and sharing best practices. "I like that nothing is proprietary. Presenters will email their presentation to us and allow us to come back and use it in our own department." • Enabled sharing of information, best practices, and challenges among various EMS agencies that would not normally collaborate.
• Provided networking opportunities between EMS personnel, clinicians, state agency staff, and physicians. "There is a great cross-section of people both geographically and from a variety of services and expertise." • Allowed participants to become familiar with QI tools and use of new strategies to successfully implement change.
Barriers to participation
• Competing project priorities and other quality improvement responsibilities.
• Limited staff time and resources for stroke care. "We have other projects going on, like STEMI [ST Segment Elevation Myocardial Infarction], and our time has to be split. The [EMS] department does not have a lot of resources. However, the technology and automation helps." • Difficulty obtaining buy-in from leadership at the start of the project.
• Logistical challenges to travel, lack of staff coverage, and funding for the additional cost of overtime, which limited attendance at in-person meetings.
Discussion
QICs are a widely accepted approach in many areas of health care but have not been used previously in the prehospital setting. Furthermore, numerous efforts are ongoing nationally to improve stroke care. Most prehospital QI efforts address stroke identification in the field through a series of educational strategies and the subsequent implementation of stroke screening tools (23) (24) (25) (26) (27) . A successful model in North Carolina has presented EMS agencies with tool kits containing stroke performance measure reports for benchmarking and suggestions for improvement (28, 29) .
Our pilot EMS Stroke QIC was conducted with 17 agencies throughout Massachusetts. In the acute hospital setting, programs such as the Stroke Collaborative Reaching for Excellence (SCORE), the model for this pilot study, have successfully improved the in-hospital care of stroke patients by using a QIC (3, 15) . Participating EMS agencies attended learning sessions, engaged in collaborative improvement activities, used rapid-cycle improvement techniques, and evaluated the clinical care provided to stroke patients by using 5 standardized performance measures ( Table 1 ).
The 6 components of a successful QI model are 1) clear choice of improvement subject, 2) participants' objectives and capacity to participate, 3) clear roles and expectations, 4) activities to foster learning, 5) measurable and achievable improvement targets, and 6) the ability of participants to collect and use data and make changes in care (30) . Implementing the QI model in the EMS setting was challenging because improvement strategies differed across agencies with organizational culture, environment, and budget. For example, some participants revised internal stroke policies, and others focused on implementing change through regional policies. Some used a more patient-centered QI approach and audited recorded Central Medical Emergency Direction (C-MED) radio transmissions to monitor the clarity and completeness of stroke prenotification calls to hospitals. In 1 location, a policy of direct transport from EMS to computed tomographic scan was implemented thanks to the creation of an EMS-hospital ED partnership focused on expediting patient care. Consistent in each agency, however, was the use of QI training, performance measure feedback, one-on-one QI coaching, and the use of patient-specific follow-up. Barriers to implementation of these QI strategies were identified at each step by participants and tested through PDSA cycles, and results and best practices were shared within the collaborative. The practice of sharing at learning sessions often led to the adoption of activities by other agencies. A successful stroke alert policy, executed and evaluated in 1 state EMS region, has since been implemented in 2 other regions.
Four of the 5 performance measures used to gauge the quality of prehospital care and guide the activities of the QIC participants showed significant and sustained improvement during the project (Figure) . The fifth measure, stroke screening, also increased over time although not significantly. This may be due to the high rate of adherence at the start of the project. The focus groups indicated that the major barriers to participation included lack of resources, competing QI priorities, and staffing conflicts. As the project proceeded, attempts were made to minimize resources needed to participate, and researchers made individual site calls more frequently than conducting on-site meetings. In-person learning sessions continued to provide opportunities for participants to learn from their peers and from experts in the field of stroke care, an experience not previously available to most EMS agencies. This pilot project illustrates that despite limitations, participants overall can learn and apply new QI methods, while sustaining improvement. Participants recruited at the start of the pilot continued their voluntary participation throughout. Our results suggest that the QIC approach is feasible in the prehospital setting and may be an effective and sustainable model for EMS QI.
This study had several limitations. Performance-measure data were compiled by using data extracted from ePCR systems; therefore, the data quality and accuracy could not be fully assessed. Monitoring and improving data quality was an ongoing effort throughout the project, including using required data fields and reading unstructured narrative text when performance measures were not met. Furthermore, 2 of the performance measures, time last-knownwell and time of symptom discovery, were not collected for all patients at the start of the study. Barriers to collecting these elements were identified as 1) data mapping issues within agency ePCR systems, 2) unclear or incomplete documentation, and 3) use of unsearchable narrative text fields to enter the measures. Strategies to address these barriers included 1) bundling stroke care data elements in a single location to make data submission easier and more complete, 2) requiring completion of stroke care data elements before closing the electronic record, and 3) frequent feedback to EMTs on data quality.
Factors other than the QI activities described may have influenced our results. Selected EMS agencies were favored, in part, because of their ePCR and information technology resources. Although many types and sizes of agencies were represented, agencies without an ePCR or automated QI system may have different results. Unlike other QICs, such as IHI's Collaborative model, which lasts 12 to 15 months, the results reported here occurred over 36, months giving participants ample opportunity to implement changes. Four of the 5 measures brought about improvement within the first 12 months, suggesting that shorter QICs may still be effective.
Despite these limitations, we believe that using a collaborative approach to QI in the EMS setting is an effective tool to improve prehospital stroke care. The scope of the data collected, the significant improvements made in performance measure adherence, the sustained participation of EMS agencies, and the positive experiences of participants in the collaborative encourage us to continue to use this approach in EMS. Future steps will include the development of the project beyond the pilot stage with the recruitment of a second cohort of EMS agencies and continued work with the pilot cohort to implement QI strategies. The EMS QIC will also begin to work the SCORE in-hospital collaborative to improve care transitions from EMS to ED and ultimately develop a cohesive stroke system of care in Massachusetts. 
Blood glucose tested
Percentage of patients with a clinical impression of stroke, possible stroke, or TIA who have blood glucose level documented by capillary blood glucose measurement.
Time-last-known-well documented
Percentage of patients with a clinical impression of stroke, possible stroke, or TIA who have a documented time at which the patient was last known to be without the signs and symptoms of the current stroke or at his or her prior baseline.
Time of symptom discovery documented
Percentage of patients with a clinical impression of stroke, possible stroke, or TIA who have a time of symptom discovery documented.
Stroke prenotification to hospital
Percentage of patients with a clinical impression of stroke, possible stroke, or TIA for whom stroke specific prenotification was called to the receiving emergency department and documented.
Abbreviation: EMS, emergency medical services; TIA, transient ischemic attack. Annual emergency call volume (number of dispatches per agency) 3,377 (400-100,000) 170,939
Abbreviation: EMS, emergency medical services; EMT, emergency medical technician. Data based on submitted baseline surveys from 14 participating emergency medical services agencies. EMS agencies classified themselves as fire department-based (n = 10), municipal (n = 6), and private (n = 3); by geographic location if they were rural (n = 6), suburban (n = 5), city (n = 4), and urban (n = 3). Agencies could classify themselves into more than one category. The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors' affiliated institutions. 
